Several studies have shown that statin users have a lower risk of new-onset dementia (NOD) compared nonusers. However, other studies have shown opposite results. In this study, we investigated the association between the use of statins and the development of NOD.
Introduction
The incidence of dementia is increasing worldwide, especially in the elderly population. [1] An estimated 46 million people with dementia were reported worldwide in 2015. [2] It is one of the most common causes of disability in this group. [3] Furthermore, dementia can increase healthcare costs because they adversely affect the patients' quality of life. [4] [5] [6] Recent reports estimate that the expected economic burden is around 818 billion USD per year. [5] Therefore, concerns regarding medical care in dementia, particularly in terms of new-onset dementia (NOD), have increased. [7, 8] Statins are effective agents against hyperlipidemia and are widely used in the treatment of cerebrovascular or cardiovascular diseases. [9, 10] In particular, statins may influence NOD risk by reducing beta-amyloid deposition. [11, 12] Several randomized clinical trials have questioned whether the use of statins is associated with a lower risk of developing NOD in hyperlipidemic patients undergoing treatment. [13] [14] [15] [16] [17] [18] However, the results of these studies are inconsistent, partly because of the insufficient follow-up periods and small sample size between statin users and nonusers. [14, 19, 20] Whether statins are associated with a lower risk of developing NOD when compared with nonuser patients with hyperlipidemia in a nationwide population during a long-term follow-up also remains unclear. Therefore, the objective of this study is to investigate the effects of statins on the risk of developing NOD among dyslipidemic patients in Taiwan.
Materials and methods

Study participants
Patients were included in the study if they had been diagnosed with hyperlipidemia and were statin users without dementia at baseline (January 1, 2002). We summarized the claim records of each patient into 1 record, and we used the International Classification of Diseases, Ninth Revision (ICD-9) Clinical Modification code to define dementia (ICD-9 codes 290). Statin users were those patients who received at least a 28-day statin prescription during the period between January 1 and December 31, 2002 . In contrast, nonusers were those patients who did not receive a statin prescription throughout the whole study period.
Study design
Participants were included in the study if they had been newly diagnosed with hyperlipidemia between January 1 and June 30, 2002 . At least 1 of the following enrollment criteria had to be met for inclusion in the study: 2 or more outpatient visits within a 6month period, continuous administration of all statin prescriptions for more than 6 months within a 12-year follow-up period, or 1 or more inpatient admissions with a diagnosis of hyperlipidemia. The primary endpoint was the development of NODs, which was defined by the time dementia (ICD-9-CM codes 290) first appeared in the inpatient or outpatient claim records. Comorbidities related to dementia were defined according to the ICD-9-CM code and included coronary heart disease (CHD; ICD-9-CM code 410-415), hypertension (ICD-9-CM code 401-405), diabetes mellitus (DM) (ICD-9-CM code 250), and cerebrovascular attack (CVA; ICD-9-CM code 430-438). In a previous study, Zissimopoulos et al [18] defined high statin exposure as "at least the 50th percentile of days of filled prescriptions in a given year for at least 2 years during 2006, 2007, and 2008." Therefore, defined daily doses (DDDs) >730 was considered as high exposure and 730 as low exposure. Patients who fulfilled any of the following criteria were excluded from the study: a prior history of dementia before January 1, 2002, and patients aged more than 85 years. Initially, 104,858 outpatients fulfilled the inclusion criteria; however, 1128 patients were excluded based on the diagnosis of dementia before January 1, 2002. A total of 103,730 patients were enrolled in the study at baseline ( Fig. 1 ). Furthermore, 1851 patients who were lost to follow-up and 1269 patients who died without the diagnosis of NODs or NOD-related deaths were excluded. Finally, a total of 100,610 outpatients were involved in this study, and it included 38,012 patients with Alzheimer's disease.
Ethical considerations
This study was approved by the ethics committee of the Chung Shan Medical University Hospital (CS2-17084). Written consent was not obtained from the study participants as only deidentified data were obtained from the longitudinal health insurance database 2010, and a waiver of patient consent was provided by the ethics committee for this study.
Statistical analysis
Continuous variables were presented as mean ± standard deviation. Differences in continuous variables were analyzed using an unpaired Student t test. Categorical and discrete variables were presented as frequencies and percentages. The NOD-free survival rates in the 3 groups were calculated using the Kaplan-Meier method using the log-rank test. The Cox proportional hazard regression model was used to compare the risk of NOD development between statin users and nonusers. Adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) were calculated, adjusting for important risk factors for the development of dementia that includes age, sex, medication use, and comorbidities. P < .05 were considered to be statistically significant. All statistical calculations were performed using statistical analysis software, version 9.3 (SAS Institute, Inc, Cary, NC). Table 1 presents the baseline characteristics, medication use, and comorbidities among the studied population. Among the 100,610 eligible patients with defined hyperlipidemia, 19,522 (19.4%) developed NOD between January 2002 and December 2013. More women than men were observed in this study population. The mean age of patients with NOD was 74.0 years, and that of non-NOD patients was 71.1 years, indicating a statistically significantly difference (P < .001).
Results
Study participants
Patients in the NOD group had more comorbidities, including hypertension, CVA, DM, and CHD. There was a significantly higher percentage of statin users in the NOD group compared to the non-NOD group (56.0 vs. 52.9, P < .001).
Regarding the concurrent medication used at the beginning of the study, aspirin was the most prescribed medication and was used by 63.5% of patients in the NOD group and 61.2% of patients in the non-NOD group. The use of bronchodilators, beta-blockers, and nondihydropyridine calcium channel blockers was also slightly higher in the NOD group compared to the non-NOD group. Conversely, angiotensin-converting enzyme inhibitors, angiotensin receptor blockers, thiazide, diuretics, a-block- 
The relative risk of NOD
The result of the Kaplan-Meier survival analysis is shown in Figure 2 . Our findings indicate that the risk of developing NODs was significantly lower among statin users than nonusers (P < .001).
The analyses using DDDs indicated a tendency of decreasing risk of NODs with increasing DDDs. The high DDDs (>730) of statins showed a significantly lower risk of NOD development (crude HR, 0.46; 95% CI, 0.42-0.50; adjusted HR, 0.44; 95% CI, 0.40-0.49). Conversely, the low DDDs (28-365 and 366-730) of statins showed a significant association with the risk of NOD development (crude HRs, 1.75 and 1.10; 95% CIs, 1.66-1.86 and 0.99-1.21; adjusted HRs, 1.90 and 1.13; 95% CIs, 1.79-2.01 and 1.02-1.24, respectively).
Patients who took statins (crude HR, 0.94; 95% CI, 0.94-0.95; adjusted HR, 0.95; 95% CI, 0.94-0.96) were at lower risk of developing NODs compared with nonusers. The crude HR of developing NODs was lower among nonusers compared with simvastatin, lovastatin, pravastatin, fluvastatin, atorvastatin, and rosuvastatin users (P < .05; Table 2 ). However, after adjusting for age, sex, comorbidities, and concurrent medication use, all statins were not associated with the risk of developing NODs compared with nonusers (P > .05; Table 2 ). Similarly, lipophilic and hydrophilic statins showed similar effects in patients with hyperlipidemia in terms of NOD development risk (crude HRs, 0.93 and 0.95; 95% CIs, 0.91-0.95 and 0.93-0.97; adjusted HRs, 0.94 and 0.96; 95% CIs, 0.92-0.96 and 0.93-0.99, respectively).
The crude HR of developing NODs was higher among comorbidities for hypertension and CHD (HRs, 1.03 and 1.04; 95% CIs, 1.00-1.06 and 1.00-1.08, respectively; Table 2 ). However, after adjusting for age, sex, comorbidities, and concurrent medication use, the risk for NOD development was not associated with comorbidities for hypertension and CHD (HRs, 1.01 and 1.04; 95% CIs, 0.98-1.08 and 0.99-1.08, respectively; Table 2 ). Patients with comorbidities for CVA (crude HR, 1.21; 95% CI, 1.15-1.28; adjusted HR, 1.20; 95% CI, 1.13-1.26) and DM (crude HR, 1.06; 95% CI, 1.02-1.10; adjusted HR, 1.17; 95% CI, 1.13-1.21) were at higher risk of developing NODs compared with non-CVA and non-DM patients.
Discussion
This study indicated that the risk of developing NODs was significantly lower in statin users than nonusers. This finding suggests that continuously using a statin could have a potential impact in preventing the development of NODs. This study also demonstrated that patients with comorbidities for CVA and DM were at higher risk of developing NODs compared with those with non-CVA and non-DM. The risk for NOD development was not associated with comorbidities for hypertension and CHD in patients with hyperlipidemia. Finally, our study also demonstrated that high exposure to statins has a dose-response effect on lowering the NOD risk.
Several observational studies have shown that statin use has a positive effect on emerging dementia. [16] [17] [18] [19] [20] [21] However, randomized clinical trials have not drawn sufficient conclusions that the risk of developing NODs was significantly lower in statin users than nonusers because of short follow-up time, small sample size, and the absence of dyslipidemic participants. [15, 16, 22] Previous observational studies have also obtained similar results to our study, [18] where they evaluated 399,979 patients and found that statin use was associated with a reduced risk of Alzheimer's disease in white women, white men, Hispanic women, Hispanic men, and black women. In that study, only statin use was not associated with a reduced risk of Alzheimer's disease among [22] found that statin was significantly associated with an increased risk of NOD development. In their study, they observed that dementia was an associated comorbid condition in 7.9% of patients using statins compared with 3.1% of statin nonusers. It is important to mention that many observational studies found no association between statins and dementia. [23] [24] [25] In the present study, patients using high DDDs (>730) of statin have a significant protective effect against NODs, whereas low DDDs of statin were significantly associated with a higher risk of developing NODs. This demonstrates that statins have a doseresponse effect on lowering the NOD risk. Zissimopoulos et al [33] studied individuals categorized as having high statin exposure, which fell into at least the 50th percentile of days of filled prescriptions for at least 2 out of the last 3 years. Users not meeting these characteristics were categorized as having low statin exposure. According to this rule, DDDs >730 are considered as higher exposure and 730 as low exposure. Higher exposure to statins seemed to be particularly effective in preventing dementia. To the best of our knowledge, there are a few studies that directly compare the incidence of dementia in patients treated with statins during a long-term follow-up. All the previous NOD studies were placebo-controlled and had a short duration (2-5 years). [19, 20] Furthermore, these observational studies did not use a DDD for continuous prescription of statins. However, we are not certain whether our findings are consistent with those of previous observational studies. Additional studies using a DDD for continuous statins prescription are required in the future.
The present study showed that the associations varied according to the dose of statin. The reasons for these findings in our study are unclear, but they may be attributable to the statin dose (high vs. low) and duration (>2 vs. 2 years). [18] [19] [20] These findings emphasize the need for further investigation of the mechanistic links between higher statin exposure and NOD.
In our study, there was a significantly higher association with NOD in patients with CVA and DM compared with those with non-CVA and non-DM. This result is consistent with the results reported by Roy et al, [22] who showed a statistically significant high risk of developing NODs (3.2 times greater odds in CVA and 1.6 times greater odds in DM). Conversely, the patients with hypertension and CHD were not associated with the NOD risk. Our findings do not fully correlate with the previously reported studies. [26, 27] Moreover, the mechanisms of the findings in our study are unclear. Further prospectively randomized studies are needed to confirm our findings.
In vitro data show that serum cholesterol levels are linked to beta-amyloid deposition, Alzheimer's disease, and dementia pathology. [11, 20, [28] [29] [30] [31] Therefore, the role of cholesterol in betaamyloid processing has led to the hypothesis that cholesterolmoderating drugs could influence the onset and progression of dementia. Statins are hydrophilic or lipophilic, and it is generally considered that lipophilic statins cross the blood-brain barrier faster, leading to believe that they could decrease the risk of developing NODs faster than hydrophilic statins. [16, 32] However, in our study that included a 12-year follow-up period, the association with NOD risk reduction was similar between lipophilic and hydrophilic statins. Similarly, our results are consistent to that reported by Ward et al [33] who enrolled 2003 pairs of statin users and nonusers who were elderly patients and showed a reduction in the risk of developing NODs in statin users compared with statin nonusers. [33] In particular, a risk reduction among the users that had a high dose-response effect (high exposure to statins) on NOD risk was observed in our study. The reason for these findings in our study is unclear, but it may be attributable to the statin dose (high vs. low). [18, 33, 34] These findings emphasize the need for further randomized control trials that ascertain our results. Some limitations of this study need to be emphasized. First, all cases in this study were collected from claimed datasets of the Taiwan National Health Insurance that the diagnoses were based on physician reports only; therefore, it is unclear how our findings can be generalized to patients in different areas of the world. Second, this was a descriptive retrospective study conducted in Taiwan over a period of 12 years. Moreover, we excluded irregularly treated dyslipidemic patients from the analyses. Therefore, caution must be exercised in interpreting our data. Third, the process of dementia in patients who developed NOD in this study would have started many years before the diagnoses, and NOD may have coexisted with the process of hyperlipidemia for which statins were used. Thus, the cause-and-effect relationships between NOD and statins cannot be determined in this study.
Conclusion
Our results show that statin use may be associated with a decreased risk of NOD. The protective effect of statins against NOD seemed to be more prominent with high exposure to statins. This study also highlighted that high exposure to statins has a dose-response effect on lowering NOD risk. Further prospective randomized studies are needed to confirm our findings.
